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,QIDLOXUHDVVHVVPHQWGLDJUDP)$'PHWKRGWKHOLPLWORDGRIDFUDFNHGSLSHLVXVHGWRGHILQHDSDUDPHWHULrWKDW
PHDVXUHVWKHSUR[LPLW\WRSODVWLFFROODSVH0RUHRYHUZKHQWKHVWUXFWXUDODVVHVVPHQWLQWHJULW\LVGRQHXVLQJWKH5
PHWKRGWKHUHIHUHQFHVWUHVVLVGHILQHGE\WKHOLPLWORDG+HUHWKHOLPLWORDGLVXVXDOO\HVWLPDWHGRQGDPDJHLQKLJK
VWUHQJWKVWHHOV$ODUJHQXPEHURIH[LVWLQJVROXWLRQVWRSUHVVXUHOLPLWRIWKHGDPDJHGSLSHVLVGHYHORSHGDQDO\WLFDOO\
DQGHPSLULFDOO\RQWKHEDVLVRIWKHGDWDREWDLQHGE\WHVWLQJ>@
7KHFUDFNWLSFRQVWUDLQWLVWDNHQLQWRDFFRXQWE\WKHVRFDOOHGSODVWLFFRQVWUDLQWIDFWRUCE\ZKLFKWKHXQLD[LDO
\LHOG VWUHVV LQ WKHJLQWHJUDO HTXDWLRQ LVPXOWLSOLHG >@7KHUH DUH D ORW RI VWXGLHV KDYH EHHQ UHSRUWHG LQ WKH DUHD
GHDOLQJ ZLWK WKH GHWHUPLQDWLRQ RI WKH JLQWHJUDO DQG SODVWLF OLPLW ORDG IRU PHWDO SLSHV ZLWK H[WHUQDO D[LDO VHPL
HOOLSWLFDOVXUIDFHFUDFNV>@,QJHQHUDOWKHJLQWHJUDOLVH[SHFWHGWREHDIXQFWLRQRIWKHTXDQWLWLHVZKLFKDUHEDVHG
RQSLSHDQGFUDFNGLPHQVLRQVDQGPDWHULDOSDUDPHWHUV>@7KHUHVXOWVIRUWKHVWUHVVLQWHQVLW\IDFWRUVDQGJLQWHJUDO
DUHJHQHUDWHGDQGH[SUHVVHGDVWKH*((35,LQIOXHQFHIXQFWLRQVWRDOORZFRPSDULVRQVZLWKWKHYDOXHVDYDLODEOHLQ
OLWHUDWXUH>@,QDGGLWLRQWRWKHH[SHULPHQWDOUHVHDUFKEDVHGRQWKHREWDLQHGYDOXHVIRUKrDQGLrXVLQJWKHIUDFWXUH
DQDO\VLVGLDJUDP)$' LVFDUULHGRXWDQDVVHVVPHQWRI WKH LQWHJULW\RI SLSHVZLWKDQD[LDO VXUIDFHFUDFNRQ WKH
RXWHUVXUIDFH>@
7KHREMHFWLYHRIWKHSUHVHQWZRUNLVWRFDUU\RXWDQHYDOXDWLRQDQGFRPSDULVRQEHWZHHQWKHDVVHVVPHQWPHWKRGV
EDVHGRQWKHLUDSSOLFDELOLW\WRGHWHFWWKHHIIHFWRIPDWHULDOW\SHDQGFUDFNJHRPHWU\RQWKHFULWLFDOFUDFNOHQJWKRUWKH
PD[LPXPRSHUDWLQJSUHVVXUH
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7KHRUHWLFDODQDO\VLVRID[LDOFUDFNVLQSLSHV
2.1. Stress intensity factor for a longitudinal through crack in the pipe wall 
$QH[SUHVVLRQIRUWKHVWUHVVLQWHQVLW\IDFWRUIRUDORQJF\OLQGULFDOSLSHZLWKDORQJLWXGLQDOWKURXJKFUDFNXQGHU
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SUREOHPZDVDQDORJRXVWRWKDWRIDZLGHSODQHSODWHZLWKDWKURXJKFUDFN7KHRQO\DGMXVWPHQWQHHGHGIRUWUDQVLWLRQ
WR DSLSHZDV WR LQWURGXFH DFRUUHFWLRQ IDFWRU WRPXOWLSO\ WKH VROXWLRQ IRU WKHSODQHSODWH7KLV IDFWRU IUHTXHQWO\
UHIHUUHGWRDVWKH)ROLDVFRUUHFWLRQIDFWRUDQGGHVLJQDWHGE\V\PEROMT7KLVIDFWRULVRQO\DIXQFWLRQRIWKHUDWLR
c R tmO  ZKHUHc LVWKHFUDFNKDOIOHQJWKRm LVWKHSLSHPHDQUDGLXVDQGt LVWKHSLSHZDOOWKLFNQHVV7KXVLW
GHSHQGVRQO\RQWKHJHRPHWULFDOSDUDPHWHUVRIWKHFUDFNDQGWKHSLSH)LJ
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2.2. Stress intensity factor for a longitudinal part-through crack  
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2.3.  Engineering Methods for Determining the J-integral  
2.4. The Folin–Ciocalteu (FC) method 
7KLVPHWKRGZDVSURSRVHGLQ$GGHQGXP$RIWKH)UHQFKQXFOHDUFRGH>@,WVWHPVIURPWKHVHFRQGRSWLRQ
IRUGHVFULELQJWKHWUDQVLWLRQVWDWHEHWZHHQLGHDOO\HODVWLFDQGIXOO\SODVWLFEHKDYLRURIDPDWHULDODVVXJJHVWHGLQWKH
5PHWKRG>@&RQVLGHULQJWKH5DPEHUJ2VJRRGIRUPRIWKHVWUHVVVWUDLQGHSHQGHQFH(TZHFDQDUULYHDW(T
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2.5. The Gauss–Seidel (GS) method 
7KH *6PHWKRGZDV GHULYHG E\*DMGRã DQG 6UQHF >@ RQ WKH EDVLV RI WKH OLPLW WUDQVLWLRQ RI WKH JLQWHJUDO
IRUPDOO\H[SUHVVHG IRU D VHPLFLUFXODUQRWFK WRDFUDFNZLWK WKHYDULDWLRQRI WKH VWUDLQHQHUJ\GHQVLW\DORQJ WKH
QRWFKFLUFXPIHUHQFHEHLQJDSSUR[LPDWHGE\WKHWKLUGSRZHURIWKHFRVLQHIXQFWLRQRIWKHSRODUDQJOH,IWKHVWUHVV
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VWUDLQ GHSHQGHQFH LV IXUWKHU H[SUHVVHG E\ WKH5DPEHUJ2VJRRG UHODWLRQ ZLWK   EH V  Į Q ±PDWHULDO
FRQVWDQWVZHFDQDUULYHDW(T
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&RQVLGHUDWLRQRIWKHFRQVWUDLQW
$V PHQWLRQHG DERYH WKH VLWXDWLRQ H[LVWLQJ DW WKH FUDFN WLS LQ FRQGLWLRQV RI VPDOOVFDOH \LHOGLQJ FDQ EH
FKDUDFWHUL]HGE\DVLQJOHIUDFWXUHSDUDPHWHUHJKJRUCOD>@7KLVSDUDPHWHUFDQEHXVHGDVDIUDFWXUH
FULWHULRQ LQGHSHQGHQW RI JHRPHWU\ +RZHYHU VLQJOHSDUDPHWHU IUDFWXUH PHFKDQLFV IDLOV LQ FDVHV RI GHYHORSHG
SODVWLFLW\ ZKHUH IUDFWXUH WRXJKQHVV LV D IXQFWLRQ QRW RQO\ RI WKH PDWHULDO EXW DOVR RI WKH GLPHQVLRQV DQG WKH
JHRPHWU\RIWKHVSHFLPHQ,WLVZHOONQRZQIURPWKHWKHRU\RIIUDFWXUHPHFKDQLFVWKDWIRUVPDOOVFDOH\LHOGLQJWKH
PD[LPXP VWUHVV H[LVWLQJ DW WKH FUDFN WLS LQ D QRQKDUGHQLQJPDWHULDO LV DERXW ıR ZKHUH ıR LV WKH \LHOG VWUHVV
6LQJOHSDUDPHWHU IUDFWXUH PHFKDQLFV DSSDUHQWO\ GRHV QRW DSSO\ WR QRQKDUGHQLQJ PDWHULDOV XQGHU IXOO\ SODVWLF
FRQGLWLRQVEHFDXVHWKHVWUHVVDQGVWUDLQILHOGVLQWKHYLFLQLW\RIWKHFUDFNWLSDUHDIIHFWHGE\FRQILJXUDWLRQVRIERWK
WKH ERG\ DQG WKH FUDFN 7KH VLWXDWLRQ LVPRUH IDYRUDEOH LQ KDUGHQLQJPDWHULDOVZKHUH VLQJOH SDUDPHWHU IUDFWXUH
PHFKDQLFVPD\DSSUR[LPDWHO\DSSO\DOVRIRUWKHGHYHORSHGSODVWLFLW\SURYLGHGWKDWWKHERG\PDLQWDLQVDKLJKOHYHO
RIVWUHVVWULD[LDOLW\
3.1. Plastic constraint factor on yielding 
$VLPSOHSURFHGXUHEDVHGRQWKHXVHRIWKHSODVWLFFRQVWUDLQWIDFWRURQ\LHOGLQJCFDQEHDSSOLHGWRGHWHUPLQH
WKH IUDFWXUH FRQGLWLRQV LQ D WKLQZDOOHGSUHVVXUHSLSHOLQH7KH IDFWRU LVJLYHQE\ WKH UDWLRRI WKH VWUHVVQHHGHG WR
REWDLQSODVWLFPDFURVWUDLQVXQGHUFRQVWUDLQWFRQGLWLRQVWRWKH\LHOGVWUHVVDWDKRPRJHQHRXVXQLD[LDOVWDWHRIVWUHVV
>@7KHCIDFWRUFDQEHH[SUHVVHGE\(T

HMH
C V
V
   
ZKHUH HMHV WKH+XEHU0LVHV+HQFN\VWUHVVLVSXWHTXDOWRWKH\LHOGVWUHVV
/HWXVQRZFRQVLGHUWKHVWDWHRIVWUHVVDWWKHFUDFNWLSLQDWKLFNZDOOHGERG\ZKHUHWKHVWUHVVSHUSHQGLFXODUWR
WKHFUDFNSODQHɐଵDQG WKHVWUHVV LQ WKHGLUHFWLRQRI WKHFUDFNɐଶDUHHTXDODQG WKHVWUHVV LQ WKHGLUHFWLRQRI WKH
WKLFNQHVVRIWKHERG\ɐଷ LVJRYHUQHGE\WKHH[SUHVVLRQ    V X V V  7KHQEDVHGRQWKH+0+FULWHULRQDQG
DVVXPHGHODVWLFFRQGLWLRQV߭ ؆ ͲǤ͵͵WKHSODVWLFFRQVWUDLQWIDFWRU ൎ ͵,IWKHVWUHVVLQWKHWKLFNQHVVGLUHFWLRQı
IDOOVEHWZHHQʹ߭ߪଵDQG]HURWKLQZDOOHGERG\WKHYDOXHRI WKHSODVWLFFRQVWUDLQWIDFWRUZLOOUDQJHEHWZHHQ& 
DQGC 7KLVGDWDFDQEHXVHGWRDVVHVVWKHIUDFWXUHFRQGLWLRQVLQJDVSLSHOLQHVZLWKVXUIDFHSDUWWKURXJKFUDFNV
HPSOR\LQJDCIDFWRUZKLFKKDVWREHH[SHULPHQWDOO\GHWHUPLQHG$IWHUWKHCIDFWRUKDVEHHQGHWHUPLQHGWKHYDOXH
RI &ıRZRXOG EH XVHG LQVWHDG RI WKH \LHOG VWUHVV ıR LQ UHODWLRQV IRU FDOFXODWLQJ WKH JLQWHJUDO 7KHC IDFWRUZDV
H[SHULPHQWDOO\LQYHVWLJDWHGDWWKH,QVWLWXWHRI7KHRUHWLFDODQG$SSOLHG0HFKDQLFVRIWKH$FDGHP\RI6FLHQFHVRIWKH
&]HFK5HSXEOLF LQ WKH IUDPHZRUN RI D EURDGHU UHVHDUFK SURMHFW RQ WKH UHOLDELOLW\ DQG RSHUDWLRQDO VDIHW\ RI KLJK
SUHVVXUHJDVSLSHOLQHV
)UDFWXUH FRQGLWLRQV ZHUH LQYHVWLJDWHG RQ ILYH SLSH ERGLHV PDGH RI VWHHOV ; ; DQG ; ZLWK F\FOLQJ
LQGXFHGFUDFNV'DWDRQWKHSLSHDQGVXUIDFHFUDFNJHRPHWULHVLQWHUQDOSUHVVXUHDQGPDWHULDOSURSHUWLHVDUHJLYHQLQ
7DEOH7ZRPHWKRGVQDPHO\)&DQG*6FDQEHXVHGWRREWDLQWKHYDOXHVRIJLQWHJUDODVDIXQFWLRQRIWKHLQLWLDO
FUDFNGHSWKE\XVLQJ(TVDQG7KHUHIRUHWKHPHWKRGVFDQEHXVHGWRGHWHUPLQHWKHFULWLFDOFUDFNGHSWKRI
FUDFNHGSLSHV
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)LJXUHDVKRZVWKHYDOXHVRIJLQWHJUDOREWDLQHGDWGLIIHUHQWFUDFNGHSWKXVLQJWKHERWKPHWKRGV)&DQG*6IRU
DSLSHPDGHRI;7KHSLSHGLPHQVLRQVDQGPDWHULDOSURSHUWLHVDUHVKRZQLQWKHILJXUH7KHPDWHULDOWRXJKQHVVLV
JLYHQDVJcr 1PP>@,WFDQEHVHHQWKDWWKHWZRPHWKRGVSUHGLFWDOPRVWWKHVDPHYDOXHVRIJLQWHJUDOXSWR
FUDFNGHSWKRIPP+RZHYHUWKHGLIIHUHQFHEHWZHHQWKHHVWLPDWHGJLQWHJUDOXVLQJWKHWZRPHWKRGVLQFUHDVHVDV
WKHFUDFNGHSWKLQFUHDVHV%\GUDZLQJDKRUL]RQWDOOLQHDWJ=JcrWKHFULWLFDOFUDFNGHSWKZDVIRXQGWREHPP
XVLQJWKH)&PHWKRGDQGWREHPPXVLQJWKH*6PHWKRG7KHVHUHVXOWVLQGLFDWHWKDWHLWKHURIWKHPHWKRGFDQ
EHXVHGWRSUHGLFWWKHFULWLFDOFUDFNGHSWKDFFXUDWHO\ZLWKRQO\GLIIHUHQFHRI
7KHYDULDWLRQRIWKHJLQWHJUDOZLWKWKHFUDFNGHSWKIRU;VWHHOLVGHPRQVWUDWHGLQ)LJEWKHWUHQGRIYDULDWLRQ
LVH[SRQHQWLDODQGVLPLODUWRWKDWRI;7KHLQWHUVHFWLRQRIWKHKRUL]RQWDOOLQHJ = Jcr 1PPZLWKWKHWZRJ 
– a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)&PHWKRG DQGacr   PP DFFRUGLQJ WR*6PHWKRG 7KHUH LV D VOLJKW GLIIHUHQFH RI  EHWZHHQ WKH WZR
PHWKRGV
)LJXUH D DQG E GHPRQVWUDWHV WKH YDULDWLRQ RI JLQWHJUDO ZLWK FUDFN GHSWK WR SLSH WKLFNQHVV UDWLR (a/t)cr IRU
GLIIHUHQWKDOIFUDFNOHQJWKc XVLQJWKH)&DQG*60HWKRGVUHVSHFWLYHO\
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
)LJ3UHGLFWLRQRIWKHFULWLFDOUDWLRRIWKHFUDFNGHSWKWRSLSHWKLFNQHVVDWFUIRUGLIIHUHQWKDOIFUDFNOHQJWKFD)&0HWKRGE*60HWKRG
$VREYLRXVIURP)LJIRUPDWHULDO;WKHYDOXHRIIDLOXUHUHODWLYHFUDFNGHSWK(a/t)crFDQEHREWDLQHGE\WKH
LQWHUVHFWLRQRIWKHVWUDLJKWOLQHJ = Jcr 1PPZLWKJ– a/tFXUYHVIRUGLIIHUHQWKDOIFUDFNOHQJWKcDQGFRQVWDQW
SUHVVXUHRI03D)RUDFUDFNOHQJWKc PP(a/t)cr DQGXVLQJ)&DQG*6PHWKRGVUHVSHFWLYHO\
7KLVVKRZVWKDW*6PHWKRGLVPRUHFRQVHUYDWLYH
$VWKHFUDFNOHQJWKcLQFUHDVHVWKHUHODWLYHFULWLFDOFUDFNGHSWK(a/t)crGHFUHDVHV7KHUHIRUHWKHIUDFWXUHFRQGLWLRQ
GHSHQGVRQWKHJHRPHWU\RIWKHFUDFNc, a, a/t
)LJXUHDDQGEGHPRQVWUDWHVWKHYDULDWLRQRIWKHUHODWLYHFULWLFDOFUDFNGHSWK(a/t)crZLWKWKHFUDFNOHQJWKcXVLQJ
)&DQG*6PHWKRGVUHVSHFWLYHO\IRUVWHHO;DQGVWHHO;DWFRQVWDQWSUHVVXUH)RUHDFKFUDFNOHQJWKWKHUHLVD
FRUUHVSRQGLQJFULWLFDOYDOXHRIa/t UDWLRDWDFHUWDLQSUHVVXUH7KHDUHDXQGHUWKHFXUYHLVWKHVDIHDUHDZKLOHIDLOXUH
ZLOO WDNH SODFH IRU YDOXHV DERYH WKH FXUYHV 7KH UHVXOWV UHYHDO WKDW WKH *6 PHWKRG LV D PRUH FRQVHUYDWLYH LQ
SUHGLFWLQJWKHSDUDPHWHUV

)LJ9DULDWLRQRIWKHFULWLFDOUDWLRRIWKHFUDFNGHSWKWRSLSHWKLFNQHVVDWFUZLWKFUDFNOHQJWKFD;DQGS 03DE;DQG
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03D
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)LJ9DULDWLRQRIWKHFULWLFDOUDWLRRIWKHFUDFNGHSWKWRSLSHWKLFNQHVVDWFUZLWK&UDFNOHQJWKFXVLQJ)&0HWKRGD;VWHHOE;VWHHO
)LJXUHVKRZVYDULDWLRQRIWKHIDLOXUHUHODWLYHFUDFNGHSWKWRWKLFNQHVV(a/t)crUDWLRZLWKFUDFNOHQJWKcE\XVLQJ
)&PHWKRGIRU;DQG;XQGHUGLIIHUHQWSUHVVXUHV$VWKHSUHVVXUHLQFUHDVHVWKHFUDFNGHSWKGHFUHDVHVDQGWKH
FXUYHEHFRPHVPRUHVWHHSHUIRUKLJKHUSUHVVXUH
)RU PDWHULDO ; )LJ  SUHVHQWV WKH YDULDWLRQ RI JLQWHJUDO ZLWK WKH a/t UDWLR 7KH FULWLFDO a/t UDWLRV DUH
FRUUHVSRQGLQJWRJcrIRUGLIIHUHQWFUDFNOHQJWKc:KHQWKHFUDFNOHQJWKc=PP(a/t)cr XVLQJ)&PHWKRG
DQG(a/t)cr XVLQJ*6PHWKRGZKLFKVKRZVWKDWWKH*6PHWKRGLVPRUHFRQVHUYDWLYHWKDQ)&PHWKRG
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D)&0HWKRGE*60HWKRG
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OLQHDU HODVWLF IUDFWXUH PHFKDQLFV FULWHULRQ IRU IDLOXUH DQG WKH IXOO\ SODVWLF OLPLWORDG VROXWLRQ XVLQJ D IDLOXUH
DVVHVVPHQWGLDJUDP)$'$VVXFK WKH5PHWKRG LVEDVLFDOO\DGHVLJQRU IDLOXUHDYRLGDQFHSURFHGXUHZLWKDQ
LQKHUHQWVDIHW\PDUJLQDOUHDG\LQFOXGHGLQ WKHDQDO\VLV&UDFNLQLWLDWLRQDQGPD[LPXPORDGSUHGLFWLRQVXVLQJ WKLV
VFKHPHDUHWKHUHIRUHH[SHFWHGWRXQGHUHVWLPDWHWKHDFWXDORUH[SHULPHQWDOO\PHDVXUHGORDGV
4.1. Failure assessment diagram (FAD) 
5LQWURGXFHGWKHFRQFHSWRIWKHIDLOXUHDVVHVVPHQWGLDJUDP)$'7RFRQVWUXFWWKLVGLDJUDPLWLVQHFHVVDU\WR
FDOFXODWHWZRSDUDPHWHUVQDPHO\QRQGLPHQVLRQDOFUDFNGULYLQJIRUFHKrDQGQRQGLPHQVLRQDODSSOLHGVWUHVVLr$V
VKRZQ LQ)LJ WKHYHUWLFDOD[LVRI WKH)$'UHSUHVHQWV WKH UDWLRRIDSSOLHGVWUHVV LQWHQVLW\ IDFWRU WR WKH IUDFWXUH
WRXJKQHVVKIcLHKrKIcLVGHWHUPLQHGIURPWKHVWDQGDUGIUDFWXUHWRXJKQHVVWHVWLQJZKLOHWKHKRUL]RQWDOD[LVLV
IRULrZKLFK UHSUHVHQWV WKH UDWLR RI WKH DSSOLHG ORDG WR WKH ORDG UHTXLUHG WR FDXVH SODVWLF FROODSVH RI WKH IODZHG
VHFWLRQ7KHVHWZRSDUDPHWHUVDUHFDOFXODWHGE\XVLQJWKHIROORZLQJH[SUHVVLRQV>@
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)LJ7KHIDLOXUHDVVHVVPHQWGLDJUDP>@
)RUH[DPSOH)DLOXUH$VVHVVPHQW'LDJUDP)$'ZLOOEHDSSOLHGIRUSLSHZLWKD[LDOVXUIDFHFUDFNPDGHRI;
VWHHO 7DEOH  SUHVHQWV WKH YDOXHV RI WKH SDUDPHWHUVKr DQGLr IRU a=PP c=PP DQG t=PP DQG
GLIIHUHQW SUHVVXUH YDOXH  03D 7KH )UDFWXUH $VVHVVPHQW 'LDJUDP )$' LV SORWWHG LQ )LJ  WKH IDLOXUH
DVVHVVPHQWOLQHLVSORWWHGXVLQJ(T7KHWZRORDGLQJOLQHVKDYHEHHQSORWWHGXVLQJ(TVDQGNQRZLQJ
Japp(TV DQGDQGDSSOLHGVWUHVVıapp&DOFXODWLQJJappQHFHVVLWDWH WKHFDOFXODWLRQRIKIDQGıappZKLFKDUH
IXQFWLRQRIWKHDSSOLHGSUHVVXUH
$GHIHFW LQ WKHSLSH LVDFFHSWDEOH LI WKHFDOFXODWHGYDOXHVDUH ORFDWHG LQVLGH WKH IDLOXUHDVVHVVPHQW OLQH7KRVH
RXWVLGHDUHXQVDIHDQGIDLOXUHRFFXUV
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)LJ)UDFWXUHDQDO\VLVGLDJUDP)$'IRUSLSHZLWKDQD[LDOVXUIDFHFUDFNDWYDULRXVSUHVVXUH
&RQFOXVLRQ
7KUHH GLIIHUHQW HQJLQHHULQJ PHWKRGV )& *6 DQG )$' KDYH EHHQ ZRUNHG RXW IRU DVVHVVLQJ WKH JHRPHWULFDO
SDUDPHWHUVRIFULWLFDOD[LDOFUDFNOLNHGHIHFWVLQDSLSHOLQHZDOOXQGHULQWHUQDOSUHVVXUH7KHPHWKRGVPDNHXVHRI
VLPSOHH[SUHVVLRQVIRUGHWHUPLQLQJIUDFWXUHSDUDPHWHUVKDQGJ7KHUHVXOWVREWDLQHGGHPRQVWUDWH WKH*6PHWKRG
JLYHVVPDOOHUYDOXHVRIWKHFULWLFDOFUDFNOHQJWKXQGHUGLIIHUHQWRSHUDWLQJLQWHUQDOSUHVVXUH7KLVPHDQVWKDWWKH*6
PHWKRG LVPRUHFRQVHUYDWLYH IRUXVLQJ LW LQDPDLQWHQDQFHSURJUDP8VLQJ WKHVHDVVHVVPHQWPHWKRGV WKHFULWLFDO
SUHVVXUHLQDSLSHOLQHFDQDOVREHGHWHUPLQHGIRUDJLYHQFUDFNJHRPHWU\0XFKPRUHFRQVHUYDWLYHYDOXHVIRU WKH
FULWLFDOFUDFNJHRPHWU\XQGHUVSHFLILFRSHUDWLQJSUHVVXUHRU WKHEXUVWSUHVVXUH IRUVSHFLILFFUDFNJHRPHWU\FDQEH
REWDLQHGE\DSSO\LQJ)$'DQDO\VLV
5HIHUHQFH
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3URFHGLD(QJLQHHULQJ9ROSS
>@ $+,0RXUDG$ODGGLQ$EX$VVLDQG)DKP\0+DJJDJ<XK-&KDR³1RYHO7HFKQLTXHIRU1RUPDOL]LQJ/RDG'LVSODFHPHQW
&XUYHVLQ)UDFWXUH7HVWLQJ0DWHULDOV3HUIRUPDQFHDQG&KDUDFWHUL]DWLRQ´VSHFLDOLVVXHRQ)UDFWXUH7RXJKQHVV9RO1RSS
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>@ =7RQNRYLü,6NR]ULWDQG-6RULü³$&RQWULEXWLRQWR$VVHVVPHQWRI6WHDP*HQHUDWRU7XEHV,QWHJULW\´3URFHHGLQJVRIWKHWK
,QWHUQDWLRQDO&RQIHUHQFHRQ)UDFWXUH&DUSLQWHUL$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7XULQ,WDO\0DUFK&'520HGLWLRQSS
>@ äâDUNRüHYLü0$UVLü$6HGPDN%0HGMR00LãLü³$VVHVVPHQWRILQWHJULW\RIWKHZHOGHGSLSHV´$QQDOVRIWKHXQLYHUVLW\
RI2UDGHD,VVXHDXJXVWSS
>@ ):%UXVW36FRWW65DKPDQ1*KDGLDOL7.IILQV0%)UDQFLQL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LQ3LSHV´&HQWUDO5HVHDUFK,QVWLWXWHRI(OHFWULF3RZHU,QGXVWU\$SULO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